The respondents presenting with indoor environmentally associated symptoms such as sick building syndrome (SBS) are apt to have been exposed to inadequate indoor air quality (IAQ). The main objective of this study is to determine the association between IAQ parameters and symptoms of SBS in three selected buildings. The criteria of buildings selection is based on long history of occupancy and age of building. The structured questionnaire was distributed to respondents and IAQ parameters were technically measured in the selected buildings. The survey shows that the prevalence of SBS symptoms was similar in the selected buildings. Besides, no association was found between building type and SBS occurrence. IAQ parameters measurement indicated that most of the IAQ parameters were complied with the Malaysia standard of IAQ, excluded air velocity. Significant differences (p < 0.001) between the selected buildings were observed among velocity, CO 2 concentration, temperature and relative humidity. However, the CO concentration (p = 0.18) and fungal counts (p = 0.83) were not significant differences between building. The findings suggested that the important predictors of sick building syndromes are ventilation and accumulation of possible contaminants within the indoor environment.
Introduction
Human spend up to 80% of their lifetime either inside their workplace or in their own homes [1] . Indoor air quality of building occupant is a basis determinant of The interactions between the site, climate, building system, construction techniques, contaminant source and respondents are the factors that affect the quality of indoor air. For example, hazardous compounds emitted from human activities indoors such as combustion of fuels for cooking, emission of toxic gas from construction materials and indoor equipments.
The Industrial Code of Practise on Indoor Air Quality (ICOP) (2010) published by Department of Occupational Safety and Health Malaysia proposed the selected indoor air quality parameters and their acceptable limits [2] . Prior to maintain a good IAQ, the acceptable limit of each IAQ parameter must be complied. The characteristics of good indoor air quality include introduction and distribution of adequate ventilation air, control of airborne contaminants, maintenance of acceptable temperature and relative humidity [3] .
The failure to take action immediately and efficiently on the problem of poor IAQ could be have the disastrous consequences on human health. Previous study conducted by EPA states, indoor air pollution is among the top five environmental health risks. In 2009, the World Organization Health (WHO) prepared a report on Global Health Risks: Mortality and Burden of Disease Attributable to Selected Major Risks. This report proposed that indoor air pollution is responsible for 2.7% of the global burden of disease [4] . Higher proportion of individuals presenting with indoor environmentally associated symptoms (such as Sick Building Syndrome [SBS]) are infants, the elderly, person with chronic disease and most urban dwellers of any age.
The International Labour Organization (ILO) defines SBS as a phenomenon that occurs when 20% of the respondents report symptoms associated with their respective place of work with the specific association with air quality [5] . Sick Building Syndrome (SBS) covers the constellation of nonspecific subjective health symptoms such as itchy eyes, skin rashes, and nasal allergy symptoms, to more vague symptoms such as fatigue, aches and pains, sensitivity to odours and difficulty in concentration. The circumstances most suggestive of sick building syndrome are presence of common symptoms amongst a group of respondents that are present when they are in the building and absent when they are not in the building.
Understanding the multifactorial etiology of SBS in buildings has been a crucial challenge since the exact causes of SBS are still idiopathic that can be directly linked to SBS [6] . SBS may potentially affect job satisfaction, work stress, and productivity. Pertaining to these obstacles, the interests in the prevalence of SBS are quite inferior with limited documentation. The aims of this study are to investigate the occurrence of SBS on the selected buildings, to investigate the parameters that define the level of IAQ and to determine the association between IAQ with symptoms of SBS.Problem statement
Methodology

Study design
A cross sectional comparative study was conducted between three selected buildings. These buildings were chosen are Perbadanan Perpustakaan Awam Pahang (PPAP), Perbadanan Kemajuan Bukit Fraser (PKBF) and Pahang Museum of Art (PMA). The criteria of building selection are based on long history of occupancy and age of buildings. The study population comprised the respondents determined with 44 people, 6 people and 13 people who are worked at PPAP, PKBF and PMA, respectively. The PPAP building is occupied by many workers thus, the number of respondents of PPAP building is higher than the respondents in the PKBF and PMA building
Questionnaire Survey
A structured set of questionnaire was adopted from ICOP 2010 and then, was handed out to study population. The questionnaires include socio building weekly, the job position, the occurrence of SBS and the quality of the air inside buildings. The respondents were defined as having SBS if they had at least one symptom of SBS and the symptoms appeared at least once a week. The respondents also must had reported the occurrence of at least 1 3 days per week during the last four weeks and must had reported that the symptoms showed improvement when they were away from the place of work [7] .
Indoor Air Quality Assessment
The assessment of IAQ of the selected three buildings was conducted according to ICOP 2010. The numbers of sampling point were determined based of the estimation of total floor area of each building. The sampling points were considered the position of respondents and source of fresh air intake. The measurement of IAQ was conducted two times in a day, morning and evening. The instruments used to asses IAQ are TSI VelociCalc Air Velocity Meter (to measure temperature, relative humidity, carbon monoxide, carbon dioxide and air velocity). A total fungal count was measured using SAS IAQ (Cat 37657) air sampler. The samples were incubated for 5 days at 25 0 C and then, the colony forming unit was counted.
Result and Discussion
Building Characteristics
The characteristics of each building were investigated. Regarding the age of buildings, the PMA and the PKBF buildings both were built about 100 years ago by colonizing British force as vacation house and club houses. The PPAP building is newer than those buildings with the age of 53 years old. All buildings are located in medium town, near heavy traffic and moderately near industrial area. They were built of concrete or bricks, with slanting tile roof. Fiberglass or rockwool were not presented within the rooms of any building. All buildings are equipped with mechanical ventilation air conditioning systems. A general smoking is not allowed in these buildings. The cleaning procedures included daily mopping with water which contains detergent. The prescribe activities such as major renovation of the PPAP and PKBF buildings were not managed for the latest decades. Nevertheless, the PMA building was recently undergoing a major renovation with upgrading the ventilation systems due to the water leakage problem.
Respondent characteristics
The survey results that a large proportion of respondents had symptoms compatible with the SBS symptoms. A cross sectional study might has certain shortcomings due to the number of available respondents, which limited the validity of the study. Besides, a selection of bias can be occurred because of inequity in the respondent rates and then, possibly effected to the prevalence of SBS symptoms. A total of 51 respondents were handed out the questionnaires. The respondents rate responded to the questionnaires are PPAP, PKBF and PMA were 84%, 69% and 83%, respectively. The socio demographic information was derived from the questionnaires by the respondents in there selected buildings as tabulated in Table 1 . The proportions of male and female respondents were almost equivalent for PPAP and PMA buildings. The mean age of respondents was 39.5 years in PPAP, 35 years in PKBF and 39 years PMA. The mean number of hours per week respondents spent in the buildings was 39.22h, 35h and 39h, respectively. 
Occurrence of SBS
In the assessment of the SBS, the person with pre-existing medical condition listed in questionnaires such as allergies to dust, mold or pets, sinus infection, asthma, migraine, and eczema. The person is considered as having SBS when they reported the onset of two or more SBS symptoms at least once or twice weekly in the last for week. Person with SBS also demonstrated the improvement of the symptoms after left the buildings. The prevalence of SBS symptoms were shown in Table 2 . All three selected buildings had non-uniformity prevalence of the similar SBS symptoms. The SBS symptoms were generally more common in the PPAP and the PMA buildings rather than in the PKBF buildings. It only showed three symptom. Ophthalmic symptoms were more prevalent other hand, these types of symptom were more prevalent in the PMA buildi However, the PMA building only demonstrated low prevalence for both of these symptoms (11%). Pertaining to conc both ophthalmic and respiratory irritations are common symptoms in indoor environment [7, 8] .
The responses to questionnaires regarding the frequency of such symptoms were used to define and categorize respondents with the SBS symptoms. A frequency of at least 1 to 3 items per week together with reported relief of these valence of SBS symptoms between three selected building. The PKBF building pointed out the highest percentage (55.55%) of the respondents reported was confirmed the SBS symptoms and can be designated as a sick building. Second highest was the PPAP building with 35.25% and then followed by the PMA building with 20% of total respondents. The comparison of the prevalence of SBS between three buildings was conducted via Chi-Squared test. A Chi-square test for independence (with Yates Continuity Correction) indicated no significant association between the three buildings and SBS occurrence, (n = 51, 2 = 1.997, P = 0.368). It was believed that etiology of SBS probably influenced by the other stressors such psychological, ergonomics of the work, stress level, job satisfaction, position in the hierarchy of the organization and other environmental conditions [9]. 
Indoor Air Quality Assessment
The result of IAQ parameters assessment indicated in Table 4 . Results of the IAQ exposure measurement illustrated low levels of contaminants or and potential pollutants inside three selected buildings. All IAQ parameters were meet the acceptable limit set by DOSH, Malaysia (ICOP, 2010), excluded air velocity. As can be seen in Table 4 , the PKBF building showed a large variation of air velocity with the PPAP and the PMA buildings. Both the temperature and relative humidity of three buildings during the daytime varied from 21.8 0 C to 25.2 0 C, and 61.5 %RH and 78.8% RH, respectively. The concentrations of CO for three buildings were considered low. It was recommended that outdoor air pollutants become as one of the source of CO due to the location of these building which are located at near heavy traffic and moderately close to industrial area.
The PKBF building presented the highest concentration of CO 2. On the other hands, this building had the lower number of respondents which probably contributed to the lower CO 2 concentration. Since the CO 2 concentration represents the ventilation performance indicator of building, it can be proved that the PKBF building subjected to the poor ventilated indoor air. It was due to imbalance in the ventilation system which allowed the accumulation of possible contaminants with the indoor environment. As a sick building, the PKBF building reached the highest number of total fungi. A higher number of total fungi can be related to higher temperature and percentage of relative humidity. Both of these parameters provided a suitable condition to increase the growth rate of fungi. A comparison of IAQ parameters between three selected buildings was carried out by using Kruskall-Wallis. Velocity, CO 2 concentration, temperature, relative humidity showed significant differences between the building (p value < 0.001). CO concentration and fungal count did not demonstrate significance differences between three buildings (p value = 0.18 and 0.83, respectively). Results of the IAQ exposure measurement indicated low levels of contaminants or and potential pollutants inside three selected buildings. All IAQ parameters were meet the acceptable limit set by DOSH, Malaysia (ICOP, 2010), except the velocity of the PKBF building. The results pointed out that any of the IAQ parameters measured to be the only source of SBS in each building. These results were in a good agreement with a research that carried out by Jerry (2002) [6].
Conclusion
In conclusion, this study suggested that the PKBF building can be designated as a sick building. The prevalence of SBS was also compared between three buildings and indicated no significant association. Besides, the crucial predictors of sick building syndromes are ventilation and accumulation of possible contaminants within the indoor environment. This study recommended that further research is required to explore the other multifactorial etiologies of SBS such as psychological, ergonomics of the work, stress level, job satisfaction, position in the hierarchy of the organization and other environmental conditions.
